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IN THK CLAIMS: 




1 . (Original) A mclhod of ^characterizing dielectric material in a magnetic head, 
comprising: 

using a probe to measure Wat flow through the probe; 
conlvoUing a heat flow thmugh Ihc probe to be substantially /.ero; and 
calcLilating a thermal condlictance of diclccU ic material in the magnetic head. 




2, (Original) The method of claim 1, further comprising: 

cooling the magnetic head tcAa temperature below ambient temperature; and 
applying a current to the magbelic head to warm the surface of the magnetic head 

until the heat flow through tbc probe vb substantially zero, 



3. (Original) The method of claimVz, wherein calculating the thermal conductance 
includes determining the themial conduciancc based on the current, an ambient 
temperature, and a temperature of the magnetic he^ul 

4. (Original) The method of claim 2, therein the magnetic head includes a giant 
magnetorcsistivc sensor sandwiched bctwceAthe dielectric material, and wherein the 
cuncnt is applied to the giant magnctorcsistivfc scaler. 

5. (Original) The method of claim 4, whcjfcin calculating the thermal conductmice 
includes calculating the thermal conductance baa^e<l on the following relation: 

K-(l'R,n,r)/(T,-Tb) 



where K is the thermal conductance, I i« th^; Vipphed current, R^^tir is a resistance of 
the giant magnetoresistive sensor, Ta is an ambient tdinperature, and Tb is a temperature 
of the magnetic head. 



Page 3 of 25 
Glioshal - 09/726^281 



Receivedfrom < 972 367 2002 > at 6111103 11:20:58 AIM [Eastern Daylight Time] 



JUN-1 1-2003 WED 09:14 AMifclENS, YEE & CAHOON FAX NO. ^|^367 2002 



6, (Original) The method 
lempcraluro below ambicnl lem 
muijactio shields in Ihc magneli 



j>r claim 2, wherein cooling the magnetic head to a 
l^eralure includes using a thermoelectric cooler to cool 
head. 



7. (Original) The method df claim 1, further comprising modeling thermoelectric 
characteristics of the magnetic head based on the calculated thennal conductance. 

8. (Origindl) The method oficlaim 7, further comprising controlling coohng of the 
magnetic head during operation b^sed on the modeling of thcnnocleclric characteristics 
oflhe magnetic head. 

9. (Original) The method of claim 1 , wherein the probe comprises: 
a probe body; 

a probe lip formed on the probe body; 

a first temperature sensor positioned at a tip oflhe probe tip; and 
a second temperature sensor positioned at a base of the probe tip. 

10. (Original) The method of clain\ 9> wherein the first temperature sensor and 
second lempcralure sensor arc used to nWasure the heat flow through the probe. 

1 1 . (Original) A method of controlHi{g thermal operation of a read/write head, 
comprising: 

determining a thermal conductanc^ oflhe icad/wrile head by controlling heat flow 
through a probe to be substantially zero; 

modeling thcnnoelcctric properties )pf the road/write head based on the 
detemiincd themial conductance; and 

controlling thcnnal operation of the ^ead/write head based on the modeling of the 
thermoelectric properties. 

1 2. (Original) Tho method of claim 1 1 , wlfercin determining a themial conductance 
includes: 
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using the probe lo measuAj heat now througli the probe; 
applying a current lo the rUil/wrile head to Kiaintaiii the heat flow through the 
probe at siibslanlially zero; and 

dclcrmiiiing the ihemial clnductance of dielectric material in the read/write 

magnclic head based on the curreiit. 




13. (Original) Tl\e method of|ciaim 12, wherein applying the current to the read/write 
head further comprises: 

cooling the read/write ma^ielic hcatl lo a temperature below ambient 

tcnipcratiirc; and 

applying the cuncnl to theteatVwrite magn-'iic head lo warm up the surface of the 
read/write niagnclic head until thctticat flow Ihroufe'ji the probe is substantially zero. 



14. (Original) The method of claim 1, wherein the read/wrlle head includes a giant 
niagnctoresistivc sensor sandwichck between the dielectric material, and wherein tlic 
cuiTCnl is applied lo the giant magnblorcsistive sensor. 

1 5. (Original) The method of clLim 1 4, wherein calculating the thermal conductance 
includes calculating the thermal conductance based on the following relation: 

K-(lX"ir)/Cll-Tb) 

where K is the thermal conduAancc, 1 is llio applied current, Rgnv is a resistance of 
the gianl magnclorcsistive sensor, Tj it an ambicnl temperature, and T(, is a temperature 
of the read/write head. 

16. (Original) The mctliod of clainl 13, wherein cooling the read/write magnetic head 
lo a temperature below ambicnl lempcrAture inchnlcs using a thermoelectric cooler lo 
cool magnelic shields in the rcad/wiite Head. 
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17. (Original) The method o 
read/write hcud includes cooling 
modeling ofthcrmoeleclric 



f/claini 1 1, wlicrcin conlrolling thermal operalion of the 
)f the rcad/wrilc lioad during operalion based on Ihc 
charalclerislics of Ihc rcfid/wrilc head. 



18. (Original) The method 
operation is controlled to maintai 
temperature. 



ot claim 17» wherein cooling of the rcadywrile head during 
[\ a temperature o f the rcad/v/ritc head near the ambient 



19. (Original) The method o 
a probe body; 
a probe tip formed on the 
a first tcmperaliuxj sensor 
a second temperature sens 



claim 1 1, whereiii the probe comprises: 
probe body; 

osilioncd at a tip of the probe tip; and 
Dr positioned at a base of the probe tip. 



20. (Original) The method of fclaim 19, wherein the first temperature sensor and 
second temperature sensor are uscfl to measure the Jicat flow through the probe, 

21. (Original) An apparatus fort characterizing dielectric material in a magnetic head, 
comprising: 

a probe for measuring heat flow through tho probe; 

means for conlrolling heat flfew througli the probe to be substantially zero; and 
means for calculating a lhcm|a1 conductance of dielectric material in the magnetic 

head, 



22. (Original) The apparatus of cBaim 21 , further comprising: 

means for cooling the magnetic head to ah.mpcraturc below ambient temperature; 

and 

means for applying a current ti the magnetic head to wanii the surface of the 



magnetic head until the heal flow thro 



igh the probe is subslanlially zero. 
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23. (Original) The apparatus 
Ihcrnial conductance includes ans 
the currenl> an ambient tcmperuHirc, 



of chiini 22, wherein the means for calculating the 
for determining Ihc thennal conduclancc based on 
; and a tcmperatnrc of the magnetic head. 



ofclahii 22, wherrJn the magnetic head includes a giant 
led between the dielectric material, and wherein the 



24. (Original) The apparatus 
magnctoresistivc sensor sandwic 

means for applying a current applies the current to Ihc giant magnctoresistivc sensor. 




25. (Original) The apparatus 
thermal conductance includes mcsns 
the following relation: 



if claim 24, wheroin the means for calculating the 
for calculating/ the thermal conductance based on 



K-(I%nr: 

where K is the thermal con 
the giant magnctorcsistive sensor^ 
of Ihc magnetic head. 



/(Ta-Tb) 

luctance, I is the applied current, R^mr is a resistance of 
is an ambient temperature, and Tb is a temperature 



26. (OrigiJial) The apparatus oRclaim 22, wherein the means for cooling the magnetic 



head to a temperature below unibietl 



cools magnetic shields in the magnetic head. 



27. (Original) The apparatus 
then-noelcctric characteristics of the 
conductance. 



temperature includes a thermoelectric cooler that 



of fclaim 21, further comprising means for modeling 
nagnctic hea<J based on the calculated thermal 



28. (Original) Hie apparatus of claim 27, further comprising means for controlling 



cooling of the magnetic head during 
cliaracteristics of the magnetic head. 1 



<>pcrationbasod on the modeling of thennoelectric 
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29. (Origiaol) The apparajus of claim 21 , wherein the probe comprises; 
a probe body; 

a probe tip fomicd on ihe probe body; 

a first tcinpcraturc senior positioned at a tip of Ihc probe tip; and 
a second tcnipcrature spnsor positioned at a base of the probe tip. 




30. (Original) The apparatus of claim 29, wherein the firsl temperature sensor and 
second lemperaUirc sensor arc Led to measure the heat flow through the probe. 

31. (Original) A compuleri program product in n computer readable medium for 
characLcrizing dielectric material in u magnetic head, comprising: 

first instruclions for coiWolling a probe to measure heat flow through the probe; 
second inslruclions for Controlling heat flow through the probe to be substantially 
/oro; and 

third instruclions for callulaling a themial conduclance of dielectric material. 



32. (Original) The computci program product of claim 31, further comprising: 
fourth instructions for cobHng the magnetic head to a temperature below ambienl 

temperature; and 

fifth instructions for appl ang a currait to tlie magnetic head to warm up the 
surface of the magnetic head until the heat flow through the probe is substantially zero. 

33. (Original) The computer program product of claim 32, wherein the third 
instructions for calculating the thiimal conductance includes instructions for detennining 
the thermal conduclance based oii![thc cnn-eni, an ambient temperature, and a temperature 
of the magnetic head. 



34, (Original) The computer program product ofclaim 32, wlicrcin the magnetic 
head includes a giant magnelorcsisiive sensor samiwichcd between the dielectric 
material, and wherein the second inbtinctions for applying the current applies the cumnt 
to the gi ant magnetoresistivo scnsoil 
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35. (Original) The computer program product of claim 34, wherein the tliird 
iiislruclions for calculating the thdnnal conductance includes instnictions for calculating 
the thermal conductance based on tlic following relution: 



where K is the thennal con 
the giant masiietoresistivc sensor, 
of the magnetic head. 



luctancc, I is the applied current, Rgnu- is a resistance of 
is an ambient temperature, and is a temperature 




36. (Original) The computer pTtogram 
instnictions for cooling the magneU z 
includes iiistincLions for controlling 
the magnetic head. 



37. (Original) The computer pn 



product of claim 32, wherein the fourth 
head to a temperature below ambient temperature 
a thermoelectric cooler to cool magnetic shields in 



jram product ordaim 31, further comprising fourth 
instructions for modcUng thermoclc((tric characteristics of the magnetic head based on the 
calculated thermal conductance. 



38, (Original) The computer progtam product of claim 37, further comprising fiflh 
instructions for controlling cooling oflthc magnetic head during operation based on the 
modeling of thermoelectric characteristics ofthc magnetic head. 

39, (Original) The method of claini 1 , further c omprising dctennining a signal to 
noise ratio of a OMR sensor of the magnetic head based on the themal conductance of 
the dielectric material. 

40, (Original) The method of claini ^9, furtluY comprising delemiining a maximum 
bandwidth ofthe GMR sensor based on the signal lo noise ratio. 
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41. (Oriein^l) The apparatus of claim 21 , further comprising means for determining a 
sigual to noise ratio of a GMR sens )r of Ihc magndtc head based on the thcnnal 
condiietance of the diulcctiic uiaterial. 



42. (Original) Tiie apparatus of 
maximum bnndwidlh of the GMR s 



claim 41, further comprising means for dctemiining a 
nsor based on the signal to noise ratio. 



43. (Original) The computer prcteram product of claim 3 1 . further comprising fourth 
inslmctions for determining a signal lo noise ratio of a GMR sensor of the magnetic head 
based on the thermal conductance of Uie dielectric ))iatcrial. 



44. (Original) The computer progmm product of claim 43, fuilher comprising fillh 
instructions for determining a maximuiji bandwidth of the OMR sensor based on the 
signal to noise ratio. 
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